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;AbstracI. A reversed-phase liquid chromatographic
/method  is presented for the determination of pic-
loram in the parts per billion’ (ppb) range  in soil,
:soil solution, and stream samples. Quantification is
:effected by UV absorption at 254 nm. Derivatiza-
:lion  is not necessary. The method permits Y2%; f
:7.1  recovery from water samples  and 61.8% + I I. 1
recovery from soil samples.

:Picloram  (4.amino-3,5,6-trichloropicolinic  acid) is a
‘herbicide used for the  control of woody and broad-
ileaf  plants and is marketed by the Dow Chemical
.Companyi in formulations bearing the trade name
Tordon@.  Many agriculturally-impel-tant  broadleaf
‘crops are susceptible lo very low levels of pi&ram
lI@ab 1975: Thomson 1978).  The potassium salt of
picloram is very soluble in water and is slowly dc-
graded by soil microorganisms (Hilton lY74).
Thcrcforc, the environmental impact downstrcam
,from rhe treatmenl of forested arcas with pi&ram
isof concern (Nary ef u/. 197’)).

Methods of picloram analysis were  reviewed
(Zhemchuzhin 1978). Techniques utilizing pulse po-
larography  (Whittaker and Osteryoung 1980) and
high performance liquid chromatography (Skelly of
al. 1976,  Stevens  197’)).  suitable for the analysis of
commercial formulations without derivatiration,
have been developed. Existing gas chromatographic

(GC)  methods for the analysis of picloram in water
(Anon. 1968; Anon. 1973; Baur ef ol. 1972) and soil
(Bjerke 1973; Ragab 1975) involve lengthy clean-up
procedures followed by derivatization  and analysis
as the methyl ester.

Studies designed to quantify the off-site move-
ment of picloram resulted  in large numbers of soil
and water samples for analysis, and a rapid, eco-
nomical. and reliable procedure was desirable. A
method applicable to biological samples  was nec-
essary, which minimized the health and explosive
hazards of diaromethanc  used in the  analysis by
CC.  This study was designed to establish a clean-
up procedure for environmental soil and water sam-
ples sufficient LO permit the reversed-phase liquid
chromatographic (RPLC) analysis of underivatired
picloram with UV detection.

Experimental
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Krugents  und Chrmiculs

Spectrophotometric  grade methanol (MeOH~  and acctonilrilc
(ACNI  were obtained from Burdick and Jackson Laboratories,
Inc. (Muskegon, MI).  Sulfuric acid. potassium chloride, and
spectrophotometric  grade glacial acetic acid (HOAcj  were ob-

tained from J.  ‘I‘. Baker Chemical Co. (Phillipsburg.  NJ). Dielhyl
ether and spe~tr~phot~me~ri~  grade acetone were purchased
from Manufacturing Chemists. Inc. (Cincinnati, OH).  Ammo-

nium hydroxide, potassium hydroxide, and poQssium perman-
ganate were obtained Srom  Fisher Scienlific  (Pittsburgh, PA),
sodium hydrogen sulfilr from Alfa  Products (Danvers,  MA),  and

anhydrous  sodium sulfate from Sigma Chemical (St. Louis, MO).
Basic alumina. activity grade 1.  was obtained from Wwelm
Pharma  GmbH  and Company (Eschwcge.  Germany). Picloram
analylical  standard (99.0’7r)  was obtained from the Dow  Chcm-

ical  Company CMidland.  MI,. SEP-PAK  C,,canridgc\  wrvz pur-
chased from Waters Associates, Inc.  (Milford.  MA).



Picloram  Analysis in Soil and Write* 233

Results and Discussion

Traditional methods for extracting and concen-
trating organic compounds from aqueous solution
mainly involve liquid/liquid extractions which are
costly in terms of labor, the high-purity solvents
required, and the disposal of spent solvent. An al-
ternative is to use adsorption trapping (Ogan rt ul.
1978) which involves adsorbing the compound of
interest from an aqueous  sample onto a solid SOT-
bent. Various adsorbents  have been used and ad-
sorption trapping can precede analysis by either C;C
or LC.

Previous attempts to clean extwzts of samples
containing picloram with Florisil”,  magnesia-Celitc,
alumina, and silica gel reportedly failed (Saha  and

Gadallah 1967) due to strong adsorption on these
materials. Chromatography on basic alumina has
been successfully utilized to remove extracted con-
taminants from soil samples containing picloram
(Bjerke 1973).

Recently, reversed-phase material has become
popular as a potentially useful sorbent for adsorp-
tion trapping. Several manufacturers now offer re-
versed-phases in convenient-to-use  disposable car-
tridges for this purpose. Reports (Bushway 19X1;
B&r and Greenblatt 1981) of quantitative recov-
eries of organic compounds by reversed-phase  ad-
sorption trapping from aqueous samples of up lo
one liter encouraged attempts to effect the trace
enrrchment  on SEP-PAK C,, cartridges of large
volume water samples containing picloram.

Samples containing 4.3 p,g  of picloram in I .O,  5.0,
10.0, 25.0, 50.0, and 100.0 mL of 4% acetic acid in
water were prepared in triplicate and passed
through individual SEP.PAK  C,,cartridges.  The av-
erage recovery is plotted as a function of loading
volume in Figure 1, curve A. Recovery was strongly
dependent upon loading volume and quickly
dropped below 50% at 25 ml,.  Similar non-linear
dependencies of extraction efficiency upon sample
loading volume have been shown (Sanar  ef  nl. 1979;
and Nyagah 1981).  Extraction efficiency improved
when a two-cartridge tandem was used for trapping
the sample (Figure.  1, curve B). The observed re-
covery from a C,, bonded phase  is a result of com-
plex interactions dependent upon the chemical na-
ture of picloram and the hydrophobic and silano-
philic  interactions with the sorbent (Wells 1982).

Based on Figure I, adsorption trapping on re-
versed-phase sorbcnt  is deemed unsui(ablc  for large
volume samples, but I .O mL and 10.0 mL samples
can bc quantit&ivcly  recovered from a single car-
tridge or a two-cartridge tandem, respectively. For
stream samples  (800 mL)  and lysimcter samples
(100  mL),  an initial concentration step by liquid/
liquid extraction was used prior to reconstitution in
I .O mL of 4% HOAc  in water and passage through
a single cartridge. For lysimeter  samples, the
number of required extractions was reduced by
monitoring new samples by direct injection into the
HPLC system, or by passage of a IO mL aliquot
through a two-cartridge tandem prior to HPLC
analysis. Chromatograms of picloram standard, and
typical lysimcter and stream samples, are illustrated
in Figure 2.

The clean-up procedures for soil samples in-
volved combinations of liquid/liquid extraction and
adsorption trapping on both basic alumina and rc-
versed-phase sorbents. The soil extraction procc-
dure  for picloram was patterned after that reported



by the manufacturer. However,  notable changes
have been made to adapt the procedure to our
equipment and/or to improve efficiency. The humic
acid fraction was precipitated and treated scpa-
rately. Anhydrous sodium s&ate  was added to the
alumina columns, and the sample loading volume
was reduced from 50 mL to 20 mL.  The column
diameter was 0.X cm. An additional adsorption trap-
ping step on reversed-phase sorbcnt  was added  and
derivatization is unnecessary as the mode of anal-
ysis differs (HPLC 1~s  CC).

For soil samples, the apparent ppb determined by
comparison with cxtcrnal  standards  was adjusted to
the ppb of a 40-g sample  on a dry weight basis:

liquid added +
(sample weight x
molsturc  content)

ppb = (apparent ppb) x
hqtud  recovered

4040xx
sample weightsample weight
(sample weight x(sample weight x
moisture content)moisture content)

100100
xx

avcragc  76  rccovcryavcragc  76  rccovcry

where liquid volumes are expressed in milliliters.
weight in grams, and the moisture content is per-
cent moisture divided by 100.

Figure 3 presents chromatograms of soil samples
collected after treatment  with a pelleted picloram
formulation prior to and following rainfall. The
chromatograms also illustrate the change in extract-
able organic contaminants as a function of sampling
depth.

The average  recovery of picloram (2 s.d.)  by
liquid/liquid extraction was dctcrmincd from forti-
fication experiments to be 92.0% I 7.1 for both
stream  and lysimeter samples and 61 Xc/o  i I I. I for
soil samples (Table  I). The dctcctability  limits wcrc
established as 0.5 ppb for stream samples (800 mL).
2.0 ppb for lysimeter samples (100  mL),  and IO.0
ppb  for soil samples (40 g).

Conclusions

The use of high performance liquid chromatography
to analyze environmental samples for picloram has
several advantages over existing gas chromato-
graphic methods. First, it is possible to monitor ly-
simeter samples at 20 ppb by direct injection of the
sample as received. Those lysimctcr samples  that
do not exhibit the prcscncc  of picloram at this level
can then be extracted by the method  described
herein to I-educe the detectability limit to 2 ppb.
This method effectively reduces the overall number
of cxtractions  that mw be pafool-med,  especially
for those samples  taken soon after the  treatment
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‘fable 1. Efficiency of the extraction procedure as  determined for  fortified soil  and water samples
..- -.~.

S a m p l e Fortification Recovery Sample Fortification Recovery  Sample Fortification

Water
bob) (%  1

(100  “Lj 5.” 1 0 0

1 0 2
88

49.9 93.8
X4.6
90.0

99.8 87.2
91.4
yo.8

Average 92.0

(wb)

1.”

25.0

l o o . 6

Average

(%)

80

1 0 0
110
89.6

91.2
94.4
88.4

88.9
X6.6
92.  I

S o i l
(40 a

(wb)

1 5 . 0

Xl

250.8

Average

when sampling rates are more frequent and levels
of picloram are higher.

Second, reversed-phase adsorption trapping is an
effective sample clean-up procedure and could be
used in an extraction scheme prior to analysis by
LC or CC.  The procedure appears to increase the
longevity of the analytical LC column because it is
also composed of a reversed-phase bonded sorbent.

Third, derivatiration  of picloram by diarometh-
ane  is avoided because the compound is detected
by ultraviolet absorbance as the underivatired  free
acid.
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